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INTRODUCTION

Although current surgical strategies; including au-
togenous grafts or alloplastic materials applied 

for large bone defect repair are successful in a wide 
range, however, they have some significant deficien-
cies. Particularly, limited availability with donor site 
morbidity in the use of autogenous grafts, and risk of 
disease transmission, rejection, lack of osteoinductivity 
and eventual graft lysis in the use of alloplastic mate-

rials have been recorded (Fang et al., 2006; Almaiman 
et al., 2013). At this regards, biomaterials that are safe, 
strongly incorporate with bone tissue and much oste-
oinductivity are really essential as a clinical alternative 
to osseous grafts. Silicate bioactive glass (BG) espe-
cially 45S5 particulate (Hench, 1998) is resorbable bi-
oactive synthetic ceramic that has both potentiality to 
form strong incorporation with osseous tissue and an-
timicrobial effect (Abdollahi et al., 2013; Rivadeneira 
et al., 2013). Additionally, it has been shown to lend 
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greater and faster bone formation effects, through in 
vivo studies, when tested with other ceramics in mul-
tiple tissues (Wheeler et al., 2000; Vogel et al., 2001). 
Several protein- and gene- factors required during 
endogenous bone healing cascade, e.g., transforming 
growth factor-β, bone morphogenetic proteins and 
others have been approved to stimulate osteogenesis 
(Lieberman et al., 2002). Rich source of these factors 
that could be readily obtained is platelet-rich plasma 
(PRP) (Wang and Avila, 2007). Since, PRP could 
be autogenously employed; there is no risk of iatro-
genic infection or immune stimulation (Marx et al., 
1998; Sanchez et al., 2003). However, single (alone) 
or complementary (with other biomaterial) effect of 
PRP still needs more clarification especially through 
in vivo studies. For assurance, there have been mul-
tiple trials evaluating the effect of PRP merged with 
BG (not the type used here) on human and animals 
(only with oral and maxillofacial defects), nonetheless, 
this combination remains questionable (Demir et al., 
2007; Trindade-Suedam et al., 2010; Carvalho et al., 
2011; Penteado et al., 2013). Therefore, the main con-
cept of the study outlined here was to compare the re-
generative potentiality of PRP, 45S5BG or BG/PRP 
in treatment of metaphyseal tibia defects in a rabbit 
model.

MATERIALS AND METHODS

aniMals

Thirty–six healthy Babion rabbits of age ranged from 
2.5 to 3 months-old and weighing between 2 and 2.5 
kilogram were used in this study. The experiment was 
performed in compliance with guidelines developed 
by Faculty of Veterinary Medicine, Zagazig Univer-
sity Egypt, for the ethical conduct of care and use of 
animals. Animals were equally and randomly assigned 
into three treatment groups (n=12 each) according to 
type of implant: 1) Silicate 45S5 BG, 2) PRP gel, and 
3) PRP/ silicate 45S5 BG group.  Each group was fur-
ther subdivided into four subgroups (n=3 each) based 
on the scheduled euthanasia time points. 

PreParaTion oF PrP gel 

In accordance to previously published protocol (Marx 
et al., 1998), PRP gel preparation was started several 
minutes before surgery (Figure 1A-C). Eight milli-
liters of whole venous blood was freshly drawn from 

each animal via jugular venipuncture. Blood sample 
was then gently mixed with anticoagulant citrate dex-
trose (ACD; Sigma, Germany), and centrifuged at 
5600 rpm for 10 minutes at room temperature. Af-
ter centrifugation, three layers were obtained; 1) up-
per portion (contained platelets poor plasma, PPP), 
2) middle portion or “buffy coat” (contained platelets 
rich plasma, PRP), and 3) lower portion (contained 
RBCs). To increase harvest of obtained platelets as 
well as proper separation from RBCs, the upper and 
middle plasma portions were subjected to second 
centrifugation step at 2400 rpm for 10 minutes. The 
supernatant contained PPP was then discarded. For 
gel formation, approximately 3 ml of PRP (contained 
platelet concentrate) was mixed with calcium chlo-
ride/ bovine thrombin mixture (Sigma, Germany) in 
a water bath at 37oC.

FabricaTion oF silicaTe 45s5 bioacTive glass 

High-pure SiO2, Na2CO3, CaCO3 and P2O5 powders 
were used to fabricate BG scaffold with composition 
45SiO2−24.5CaO−24.5Na2O−6P2O5 mol%. In brief, 
powders were weighed, mixed and heat processed in 
alumina crucibles in an electric furnace for 4hrs at 
1400oC with a de-carbonation step (5hrs at 950oC). 
The melt obtained was occasionally swirled to assure 
homogeneity and attainment of thermal and chemical

Figure 1: Preparation steps of PRP gel; layers af-
ter first (A) and second (B) centrifugation and PRP 
gel formation (C). 45S5 silicate bioactive glass discs 
which used as scaffold materials (D). 

equilibrium. Once the heat processing was finished, 
melted glass was poured and pressed to yield disc 
like shape samples. The glassy discs were annealed at 
500oC and then allowed to cool slowly to obtain glass 
ceramic scaffold (Figure 1D). 
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creaTing surgical deFecT and 
bioMaTerial iMPlanTaTion 

Animals were intramuscularly anesthetized using 
combination of ketamine hydrochloride (30mg/kg; 
Ketamine®, Rota Medica, Germany) and xylazine 
(3mg/kg; Xyla-ject®, Adwia, Egypt). Under com-
plete sterile precautions, a longitudinal skin incision 
of about 1.5 to 2 cm long was made at 1 cm distal to 
femorotibial joint and over the medial aspect of both 
right and left tibias. Under constant irrigation with 
sterile saline solution, 3.5 mm circular cortical bone 
defect was created using bone drill with 3.0 mm bone 
drill bit and followed by 3.5 mm surgical tap.  After-
wards implants were carefully packed into the right 
defect while left defect served as a control. Muscles, 
fascia and skin were separately closed in a classical 
manner. During postoperative period, animals were 
allowed to recover before returning back to the animal 
facility and received antibiotic for three consecutive 
days. 

MacroscoPic exaMinaTion 

In each group, animals were euthanized at the sched-
uled time points and defect size measurement was 
performed. Representative photomicrographs at each 
time point per each group were also captured.

x-ray FilMing 

Radiographic evaluation of all examined groups was 
performed immediately after surgery as well as at 15, 
30, 45 and 60 days post operatively. The settings used 
were; 40 kV and 300 mA at 0.1 s. The obtained radio-
graphs were scanned to quantify bone densities using 
ImageJ software (NIH Image, USA) at all scheduled 
observation time points. 

hisToPaThologic assessMenT

Animals (n=3 per group) were euthanized at 45 and 
60 days postoperatively. Collected specimens were 
fixed in 10% neutral buffered formalin and de-cal-
cified. Paraffin embedded samples were then serially 
sectioned (approximately 100 slices with 6 µm slice 
thickness per defect), and stained with hematoxylin 
and eosin (H&E) staining method. Finally, sections 

were dehydrated then covered with mounting medi-
um and cover slip. Photomicrographs were obtained 
with inverted light microscope.

hisToMorPhoMeTric MeasureMenTs 

H&E-stained sections of both treated and untreated 
osseous defects were used for quantification of percent 
bone formation (mean±SD) at three standardized lo-
cations within the defect versus the total area defect. 
All these threshold measurements were performed 
using ImageJ software (NIH Image, USA).

sTaTisTical analysis 

Statistical analyses were performed using GraphPad 
Prism-4 software (La Jolla, Ca). The obtained data 
were expressed as mean±SD. Differences between 
groups were analyzed using a one-way ANOVA and 
Tukey test for post-hoc comparisons. The significance 
levels were defined at P<0.05.

RESULTS

MacroscoPic observaTion 

Figure 2: Gross observation of silicate 45S5 BG 
treated defects shows complete re-buildup by 60 days 
with a noticeable callus irregularity (circle) (A) with 
significant decreasing effect on defect size at all-time 
point (B). *P<0.05

Measured values of approximate defect size in all 
groups are presented in table 1. BG group showed
gradual and significant reducing effect on defect size 
at each time point (P<0.05) compared with reference 
defects (Figure 2A, B). Noticeable re-buildup was re-
corded at 60 day time period (Figure 2A). As well, 
an irregularity was clearly felt on the area of healed 
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defect. Whereas those of PRP - engrafted group re-
vealed higher significant healing effect only at early

Figure 3: Gross observation of PRP treated defects 
presents lack of incomplete closure by 60 days (A). 
However, interestingly, marked significant healing 
effect only at 15 and 30 days post injury was evident 
(B). **P<0.01 and ***P<0.001

Figure 4: Gross observation of silicate 45S5 BG/
PRP treated defects exhibits complete healing by 
60 days with a noticeable smooth callus surface (A) 
and significant decrease of the defect size at all-time 
points (B). *P<0.05 and **P<0.01

Figure 5: Radiographic evaluation displays complete 
bony regenerate throughout defects treated with 
silicate 45S5 BG (A) in addition to significant 
increase in radiopacity (B). *P<0.05

periods; i.e. 15 and 30 days post injury than those of 
un-grafted defects (P<0.01 and P<0.001, respectively) 

(Figure 3B). Following, the degree of healing was not 
significant at days 45 and 60 follow-up (Fig. 3A, B). 
Complete reconstruction of defect at day 60 was not 
observed. Defects engrafted with BG/PRP showed 
significant difference in defect closure at day 15 post-
operatively (P<0.05) (Fig. 4B). Marked significant 
decrease of the defect size (P<0.01) by day 30 post 
injury was displayed as compared with their reference 
defects. Unlike untreated defects, at 45 and 60 days, 
the defects healed significantly (P<0.05), and were 
completely closed by 60 days (Fig. 4B). There were no 
irregularities on area of healed defects (Fig. 4A).

Figure 6: Radiographic evaluation reveals incomplete 
osseous healing in both PRP- treated and untreated 
defects (A) with a marked significant increase in 
radiopacity at 30 days post-injury (B). *P<0.05 and 
**P<0.01

Figure 7: Radiographic evaluation shows complete 
bony regenerate throughout defects treated with 
silicate 45S5 BG/PRP (A) in addition to significant 
increase in radiopacity mainly at 45 and 60 days post-
operative (B). *P<0.05, **P<0.01 and ***P<0.001
 
Radiographic findings 

In order to verify the gross findings, radiographic im-
aging and quantification of bone density in the are-
as of defects were done at the same scheduled time 
points. Table 2 shows the measured bone minerali-
zation density (radiopacity) data in both treated and 
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untreated bone defects. In defects implanted with 
only BG we found a regular and significant increase in 
bony regenerate with successful healing of the defect 
by 60 days after surgery (Figure 5A).

Figure 8: Histological findings of treated and 
untreated defects after H&E staining. Ungrafted 
defects shows thin woven bone trabeculae (arrow) with 
wide intertrabecular spaces containing granulation 
tissue (arrowhead) at day 45 (A), and incomplete 
defect fill (arrow) at day 60 (B). Silicate 45S5 BG-
treated group displays newly formed bone invading 
defect center at day 45. Bone marrow is also observed 
(arrow) (C). Center is completely filled with newly 
immature woven bone (arrow) at day 60 (D). While 
in PRP-treated group, no much newly formed bone 
tissue (arrow) at day 45 is observed (E). Incomplete 
fill of defect with basophilic mineralized bone (arrow) 
and remnants of PRP (arrow head) are indicated at 
day 60. (F), whereas in silicate 45S5 BG/PRP-treated 
group, the defect is nearly replaced by newly formed 
osseous tissue containing BG particles (arrow) at 
day 45 (G). Complete fill of the bone defect with 
integrated mature lamellar osteoid tissue is indicated 
(arrow) at day 60 (H). 20x magnifications

Further, radiopacity (bone density) was increased reg-
ularly and significantly at 30, 45 and 60 days (P<0.05) 

comparably with control defects (Figure 5B). While 
in group received PRP, the new osseous formation was 
accelerated robustly at 30 days (P<0.01) (Figure 6B), 
whereas, by 45 and 60 days, the radiopacity increased 
moderately when compared to control counterparts 
(P<0.05) (Figure 6B). Even though, complete defect 
regeneration was not detected over 60 days healing 
period (Figure 6A). In third group which received 
combination of BG and PRP, there was evidence of 
moderate increasing in the volume of newly formed 
bone and bone densities at 30 and 45 days post op-
eration (P<0.05 and P<0.01,  respectively) (Figure 
7A, B). Additionally, slight differences between BG 
group and PRP/BG group could be noted at those 
time points. By 60 days, we noticed marked increase 
in radiopacity that was higher than those of empty 
defects (P<0.001) (Figure 7A, B). 

Figure 9: Bar graph presenting the percent bones 
formation as indicated by H&E.  Note increasing 
bone formation over time except in PRP by 8 weeks.

hisTological resulTs 

Generally here we focused on only three descriptive 
criteria to describe our histological findings; 1) ap-
proximate proportion of intertrabecular spaces (cavi-
tation), 2) amount of the newly formed osseous tissue 
filling defect, and 3) replacement rates of biomaterial 
with bone tissues, in addition to quantitative histo-
morphometric analysis. An increasing of bone forma-
tion ratio was found in all treated groups at 6 and 8 
weeks by histomorphometric measurements except 
untreated group and PRP by 8 weeks (table 3 and 
Figure 9). In un-grafted defects, at 45th day, thin wo-
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Table 1: Mean±SD values of the approximate defect size of both grafted right (R) and ungrafted 
left (L) surgically created osseous defects. DOP: day of operation, PO: post-operation.

Groups Day-0
DOP

Day-15
PO

Day-30
PO

Day-45
PO

Day-60
PO

Silicate-45S5 BG L 3.5±0.10 2.97±0.27 2.10±0.20 0.97±0.25 0.37±0.15

R 3.5±0.10 2.47±0.15 1.50±0.20 0.34±0.15 0.03±0.06

PRP L 3.5±0.10 2.97±0.25 2.50±0.21 0.67±0.06 0.30±0.10

R 3.5±0.10 2.04±0.15 0.90±0.10 0.63±0.15 0.20±0.10

PRP + Sili-
cate-45S5 BG

L 3.5±0.10 2.95±0.26 1.77±0.15 0.73±0.06 0.30±0.11

R 3.5±0.10 2.46±0.14 0.90±0.10 0.50±0.20 0.00±0.00 

Table 2: Mean±SD values of the bone density/radiopacity of both grafted right (R) and ungrafted left (L) 
surgically created osseous defects at different time points. DOP: day of operation, PO: post-operation.

Groups Day-15
PO

Day-30
PO

Day-45
PO

Day-60
PO

Silicate-45S5 
BG

L 147.687±3.636 158.089±9.023 162.507±10.946 167.092±10.924

R 163.692±4.836 182.733±4.729 187.096±9.303 200.205±8.671

PRP L 118.489±15.808 130.079±8.835 147.341±12.25 152.335±7.424

R 125.62±10.451 165.295±13.326 170.663±11.587 175.58±20.482

PRP + Sili-
cate-45S5 BG

L 115.943±8.206 130.274±6.554 136.659±4.463 137.042±9.05

R 133.154±5.702 144.952±15.083 180.769±6.031 225.159±15.806
 

Table 3: The percent bone formation (mean±SD) as detected by H&E 6 and 8 weeks after. PO: post-operation.

Groups 6 weeks PO 8 weeks PO

Control (no graft) 45.406±11.798 58.244±17.391

Silicate-45S5 BG 87.117±4.104 95.946±4.054

PRP 86.108±12.887 89.297±4.409
PRP + Silicate-45S5 BG 77.207±22.807 94.189±5.7205

ven bone with irregular intertrabecular spaces were 
noted (Figure 8A). 

At 60th day, the center of the defect was incompletely 
filled with immature woven newly formed bone tissue 

indicated by presence of small empty cavitation in the 
central defect core (Figure 8B). In BG group, at 45th 
day, newly formed bone was noted highly invading 
the center of the defect. Layers of newly formed bone 
on the borders of fragmented BG molecules were also 
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found (Figure 8C). At 60th day, fragmented biomateri-
als were evident and center was even completely filled 
with newly formed bone, mainly of immature woven 
bone (Figure 8D). In PRP group, at 45th day, there was 
no much newly formed bony tissue in the defect (Fig-
ure 8E). At 60th day, incomplete defect closure with 
PRP remnants were identified (Figure 8F). While in 
BG/PRP group, at 45 day, newly formed bone tissue 
containing bioactive granules (BG) replaced the cavi-
ty without evidence of connective tissue (Figure 8G). 
At 60th day, the defect was entirely filled with new 
osteoid tissue of mainly mature lamellar bone. Re-
modeling of newly formed bone with absence of BG 
granules was observed (Figure 8H). 

DISCUSSION 

It has been a great challenge to heal large bone defects 
properly using clinically appropriate and safe bioma-
terials. Thus, the present study was designed for the 
first time to examine the efficacy of silicate 45S5 BG 
in combination with PRP for the repair of long bone 
defect. Herein, PRP did not improve to some what 
extent bone healing by 60 days. However, interesting-
ly, marked significant healing effect of PRP was noted 
only at early period of the study (i.e., 30 days post 
injury; P<0.01) than those of un-grafted defects. In 
parallel, other clinical applications have shown that 
PRP has a positive effect only at early phase of bone 
healing (Yilmaz et al., 2013). One explanation for 
this finding could be attributed to the platelets release 
growth factors immediately at the area, which work 
only for a period of 7 to 10 days (Marx et al., 1998). 
Perhaps for this reason some authors have found a 
significant result of PRP at the initial periods, with no 
differences at completion of the repair process (Zech-
ner et al., 2003).

In contrary, basic research approves the potentiality of 
PRP to enhance bone regeneration when used alone 
(Gandhi et al., 2006). However, others could not con-
firm enhancement effect of PRP on bone healing 
when combined with other implants (Mooren et al., 
2010). Additionally, more recent published study stat-
ed that PRP alone or combined with bovine inorgan-
ic bone had not exert any significant effect on bone 
healing of bone cavities created in dogs mandibles 
(Bassi and Carvalho, 2011). BG type, namely 45S5 
BG, was chosen to be used here since it has much 
more osteostimulatory effect and osteoconductive 

properties (Schepers and Ducheyne, 1997). The bio-
activity of BG scaffolds is due to their ability to form 
silica-phosphate-calcium rich surface layer through a 
series of hydro-reactions when it becomes in contact 
with body fluid (Hench, 1998). With time, this layer 
acts as a matrix and plays a valuable role in adhesion 
and proliferation of osteogenic cells to form new os-
seous tissue (Marelli et al., 2011). 

In the present study, silicate BG showed a significant 
defect reconstruction when compared to control de-
fects over the course of 60 days post-injury, as verified 
by macroscopic, radiologic and histological examina-
tion as well as bone density analysis. These findings are 
in agreement with previous studies demonstrated that 
BG has been beneficial to repair periodontal osseous 
lesions (Nevins et al., 2000) and intra-bony defects 
(Satyanarayana et al., 2012). These findings could be 
attributed to BG stimulates bone marrow mesenchy-
mal stem cells to differentiate into osteoblast-like cells 
with a higher mineralized tissue formation (Bosetti 
and Cannas, 2005). Furthermore, herein, there was no 
significant statistical difference between silicate BG 
and PRP/BG in bone healing after 60 days. Histolog-
ically, however, the healing induced by PRP/BG was 
better than that induced by BG alone, as indicated 
by formation of more mature osteoid tissue. Consist-
ently, more recent studies have been declared that the 
use of PRP in association with borate BG improved 
bone healing compared with BG alone (Zhang et al., 
2011). 

CONCLUSION

PRP alone does not provide marked significant im-
provement in osseous defect healing at 60 days 
post-injury. Further studies therefore are required to 
better define their effect during process of bone repair. 
However, silicate 45S5 BG improves bone healing 
particularly when engrafted with PRP. 
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